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Process for the Catalytic Hydrogenation of ‘Carbon Monoxide

e, RUHRCHEMIE AKTIENGESELLSCUAFT, of
(herhauser-Holren, Germany,a Germam Com-
party, and LURGI (ESELLSCHAFT FUR
W ikMETECHNIE M.B.JH., 6f Trankfurt sin Main,

f Fleddernheim, Germany, a German Compary,
do hereby declare the mmvention, o which wc
pray that a patent may be granted -to us, and
the method by which it is to be performed, {0
be particularly described in 2nd by the follow-

10 ing slaterment:——

Ihe savention relates to a process [op the
hydrogenation of carbon monozide in the pre-
scnce of an iron catalyst.

It is known that in the catalytic hydrogena-

45 tien of -carbon monoxide, primary products
may ‘be obtained which diffcr largely both in
their chemical nature and in their ‘beiling
rénges. This variety of products is obtained by
varying the synthesis conditions, particularly

g with respect to the presstire, eMperaturs, gas
firoughput and gas recycling, as well as by
usitig catalysts of different composition and
catalysts which have been prepared by different
vnathnds. For ‘ron catalysts, these conditivns

97 are ‘very characteristic. In ‘general, 'a catalyst
of & given composition which has been pre-
pared by & given method results in the main,
in the formation of synthesis products of a cer-
ain compesition.  For the ‘production of pri

80 mary products having z high content of oxygen-
containing orgunic compounds sirongly alke-
lized fron caralysts are known to be useitl.

Tt is kuown that the inner surface urea of
catdlysts is of decisive lmporiance for ‘their

B efficiency, particularly with respect 10 the
chernical nature and the bofling range of the
primary products. (Reference 1 made to the
work of Tramm “Zur Techatk der Koblenoxy-
dhydrierung”, published in “Erdoel und

49 Kohle”, Vol 5 pp. 1017, particnlarly Fignre
9 and the lefr-hand column of page 14, and
in “Brennstoff-Chemis”, Vol 33, pp. 2130,

. purticularly page 27, left-hand coluran, Tigre

Tt has now been found that by the use of 2
catalyst of a given composition prepared by a
.given method and thus having 2 ccridin surface
‘dres, primary products having a high comtent
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of hydrocurbons boiling in the gasoline range
may be obtained in the hydrogenation of car- 50
bon monozide,

According to the invention, a process for the

catalytic hydrogenation of carbon monoxide

comprises passing 3 gas mixiure containing

hydrogen and carbon menoxide in symthesis 55
proportions over an irop-containing catalyst,

which is unsupported or which contains cnly

2 smail quantity of supportog muterial, at a
remperature in the range 175—300" C,, &t it
elevated pressure of up to 100 atmospheres G0
gzuge, and at a rate of from 200 o 1600
volumes of fresh synthesis gas per volume of
catalyst per hour, the iron in the catalyst hav-
ing Deen obrained by precipitation from a-solu-
tion of wuiron salt ap 2 p valoe in the vange 65
6.8—7.5, the catalyst -having an Si0, -content

of from 5%, to 15% vbtained by direct impreg-
npation with an alkali metal silicate, and having

an elkali content (calculated ar X0 of from
2%, to 69, the SO, and K,0 -contents being 74
by ‘weight and relanve to the total iron con-
tent of the catalyst, the catalyst having an inner
surface area of from 180—230 -=quare -metres
per gram of the toial kon in the-caralyst, the
catalyst having been reduced prior o use 0 7hH
cenvert from 109, to 50%, ofthe'totsl iron into
the elementary vr moetallic siate.

Where the catalyst is supported, the small
quantity of supporting material may, for
cxample, constirute up to 10% by weight of go
the cawlyst, Kieselguhe, alumins, bauxite dnd
asbestos are ‘exemples of suirable supporting
materials, When uscd, the supporting marerial
may be suspended in the solution of the “iron
salf or in the solution of the precipitant prior to g5
the precipitation, or it may be added during
the process of precipitation, it is preferred,
Liowever, to add the supporting material, when
used, 10 the solution immediately the precipita-
tion of the iron hes been completed.

Onc or more promoters such g3 COpPPCr,
sitver, lime and metals of the 5th to 7th groups
of the periodic systern may be incorporated in
the catalyst.

The alkali content of the catalyst is prefer- B
ably in the range 3—4Y%, and the inner sut-
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facé area of the catalyst is preferably from 200
to 230 sguare metres per pram of the. total
iron in the catalyst. The catalyst is reduced
in known manner prior to use in the synthesis,
5 and it is preferred that from 209 to 30% of
the total iron in the -catalyst showld be in ele-
mentary form prioe to usc in the syothesiss
The aikali metal content of the catalyst may
be provided in part by the precipitant used for
10 the precipitation of the fron cetalyst, the wash-
ing of the precipitated mass heing then limited
to permit some of the alkali metal conipound
or compounds to remain in the precipitate.
Alternatively, the precipitate may be washed
1 substantizlly Tree from alkali-meral compounds;
the afkali content. of the catalyst being then
introduced upon impreguation with an alkali
metal silicate to give the catalyst the désired

content of Si0,. Any excess of alkali thercby

90 introduced into the catulyst may be removed

hy means of dilute nitric acid. Thus the desired -

content of Si0, may be intraduced by impreg-
nafion of the precipitate with a commercial
alkali-metal silicare having, for example, a ratio
of alkali-metal (expressed as K.O) to SiQy of
1:2:5 by weight. It will be understeod when
the slkali metal in the catulyst or in the silicate
is not potussinm, the alkali metal is expressed

as the equivalent of K,0. The silicic acid

0 (S510,) remains quantitatively in the precipit-
gted catalyst mass and canmot be or s not
removed therefrom by any chemivydl step
employed in the ¢ourse of the production of

. ihe catalyst, If neccisary, the amount of aikali-

ap metal compoumds in the catalyst is lowered by

means of nitric acid to bring the alkali content
within the seipnlated range.

The K,0: 810, ratio in the catalyst is advan-
tageously adjusted to a valse of from 1:1 to
1+5 by weight. Such a ratio will give particu-
lasTy favourable results with respect 1o the Iife
and activity of the catalyst. To obtain a rado
of 1: more than 2.5, the catalyst mass impreg-
nated with the solution of alkali~metal silicate,
for example, waterglass, is neutralised with
dilutg nitric acid-while maintaiming & pi value
of 6.5—8, thereby dissolying out 2 morc oz less
large proportion of the alkali-metal and shift-
ing the ratio K,0:Si0, in [avour of the silicic
50 acid (8i0;). :

Tf a KLO: 80, tatio of 1: less than 2.5 s
Jesived, the washing of the precipirated catalyst

49

mass is advantageously effected to leave a

residual aikali metal content of 1—2% (calcul-
ated as K,O and based on the weighr of the
total content of iton). By the subsequent direct
impregnetion with the alkali-metal silicare; it
is possible to gbtalix K,0:310, raties which
are lower than 1:2.5, such, for example, as
1:1.5 or even 1:1.

The desired content of free iron in the
catalyst is obtained by +he use of suitable
redluction conditions. The reduction is effected
with gases containing hydrogen and/or carbon

B5 monoxide at temperaturcs within the range

175°—320° C., and preferably ai Leinpera-
turcs between 200° C. and 2Z30° C. A high
gas velocity of, for cxuraple, 1—2 metres per
second and preferably 1.2—1.5 meires per
second {calculated at room temperature and at
normal atmospheric pressure) has been found
o be advantageous. -

The inner surface area of the datalyst is a
function {a) of the alkali comtent, (bj of the
8i0, content, and (¢) of the quantity of the
toral iron which is in the elementary state.
The determination of the inuer surface area of
the catalyst is effected by the preparation of un
adsorplion isotherm and its eveluaton by the
method of Brunauer, Emmet and Teller (the
so~called RET method). The appamtus
required consists suhsrantially of a graduatcd
burctte in which the volume of the gas to be
adsorbed, such as npitrogen or arges, is
measured, a manometer for the determination 85
of the gas pressure, and a small flask in which
the adsorbing subsiemce to be tested is
placed. '
"~ The space velocity or throughput of the
fresh synihesis gas is within the range 200 to
1000 volumes per volume of catalyst per hour,
and is preferably within the range 200—750
volumes., The primary products obfained in
the synthesis have a high content of hydre-
carbons boiling In the gasoline range,

The invention 15 Mustrated in the {ollowing
cxample:— - i

75
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Examprir -

A Dolling aqueous solution which centained
45 grams of Fe, 0.45 grams of Cu and 2.5 100
grams of Ca0 in zokution in the forin of nitrates
was added within 2 minmtes w a - boiling
aguious solutivn of sodium carbonate so that
the pr value upon termination of the precipitu-
tion was 7.1. The misture was then heared 1(i
for a fow minutes and immediately thereafter
was filtered in the hor state.  The filicred muss
was washad with hot distilled water so that the
residual alkali content, calculated as K,0 aond
based on the total iron content, in the precipit-
ate was 0,6% by weighe. )

The mois, precipitated catalyst mass was
cooled and impregnated with an egueous solu-
tion of ‘potassium silicate of 2 concentration of
20% and having a K.O: 80, ratio of 1:2.5 by 11
weight 1o give the mpregnated catalyst mass 4
total alkali content {calculated as K.O) of 3.89%
by weight of the total iron in the mass. The
centent of siicie ucid (810,) in the mass was
7.89%- by weight of the total-umount of iron.

The impregnated mass was dried ar a tem-
perature of- 110° C., crushed and sieved to a
grain size -of between 2 mm. and 4 min.

The granniated catalyst mass was reduced
for 60 minutes &t a temperatwre of 250° G, 12f
with a gas- mixture consistng of 75% of
hydrogen and, 25% of nirogen using a super-
ficial gas velocity of 1.4 meires per second (cal-
culated st room femperature and st normsl
atmospheric pressure).  26% of (he total iren 130

LI
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in the rednced catalyst was in the elementary
state.

4.8 litres of the reduced catalyst mass were
charged into a double-tube reaction vessel con-

b sisting of two concentric tubes, the catalyst
being disposed in the anmular space between
the two tubes whilst a hear transfer medium
was passed through the inner tube. Water gas
was then contacted with the catalyst at a syn-

10 thesis presstre of 30 armospheres gauge and at
a temperature of 212° C. at a rate of 500
volumes of fresh gas per volume of catelyst per
hour and with the use of a recycle rativ of
2.5:1 (2.5 volumes of recycle gas per volume

15 of fresh gas). The CO:H, rativ in the water
gas was 1:1.13,

The CO+H, conversion was 61.5%, the
methane formation being 7%. The quantity
of high boiling hydrocarbons contained in the

20 reuction product was only 35% of the total
liguid product.

What we claim is:—

1. A process for the catalytic hydrogenation
of carbon menoxide, which comprises contact-

25 ing a gas smixture containing hydrogen and
carbon monoxids in synthesis proportions with
an irom-conraining catalyst which is unsup-
ported or which contains only & small quantity
of supporting rateriol, at a temperature in the

30 range 175°-—300° C. at an elevarcd pregsure
not exceeding 100 atnospheres gauge and at a
rate of from 200 to 1000 volumes of fresh syn-
thesis gas per volume of catalyst per hour, the
iron in the catalyst having been ubtained by

47 precipitation from a solution of 2n iron salt at
a pa value in the range of €.8—7.5, the catalyst
having an Si0, centent of from 3% to 15%
ohtained by direct impregnation with an aikali-
metal silicate, and having an alkali content (cal-

10 culated as K,0) of from 2% to $%, the 5i0,
and the K,O contents heing by weight and
relative to the total iron conrent of the catalyst,
the catalyst baving an immer surface area of
from 180—230 square metres per gramm of the

4h total jron In the caialyst and having been
reduced prior o use to convert from 0% to
509, of the total iron into the elcmentary state.

. 2. A process according to claim 1, in which

the gas throughpur does mot excesd 750

§0) volumes of fresh gus per volume of catalyst per
hour,

3. A process according to claim I ur claim 2,

in which the precipitation of the solution of the
iron salt is effected at a pB valie in the range
6.8—7.L 60

4. A process according to any oge of the pre-
ceding claims, in which the alkali content is in
the range 3%——4%.

'3, A process according to any one of the pre-
ceding claims in which from 20%—30% of the GO
iron in the catalyst is in the elcmentary state.

6. A process according to any onc of the pre-
ceding claims, in which the inner surface area
of the catalyst is from 200--220 square metres
per gram of the total iron in the catalyst, (5

7. A process according to any one of the pre-
ceding claims, in which the Catalyst contains
one of more promoters, such as lime, copper,
silver and metals of the 5th to 7th groups of
the prifodic system. T

#, A process according to any one of the pre-
ceding claims, in which the precipiration of
the iren frem the solurion is effected with an
alkali meral cormpound, the precipirared mass
being then incompletely washed whereby, 75
after impregnation of the mass with the alkali
metal silicate, a catalyst is obtained in which
the mumerical value of the rado 510,:K,0 is
less than 2.5

0. A, process according to any one of claims gy
1 to 7, in which the precipitation of the iron
from the solution is eftected by an alkali-metal
compound, the precipitated mass being rthere-
afier wushed for substantially complete removal
of alkali-metat compounds, the washed mass gp
being then impregnared with an alkeli-metal
silicate, the ulkeli-metal content in the catalyst
being thereafrer lowered by treatment of the
mass with nitric acid whilst maintaining a pH
value of from 6.5 to § to yicld a catalyst in gQ
which the nuinerical vaiue of the ratio Si0,:
K,O is grearer than 2.5 :

10. A process for the production of hydro-
carbens boiling inn the gasoline range by the
Liydrogenation of carbon monexide, substan- p5
tially ay hereinbefore described.

11. A process for the catalytic hydrogenation
of carbon monoxide, substaniially us described
in the example.

12. Hydracarbons whencver obtained by the 100
process of any preceding claim.

EDWARD EVANS & CO.,

14—18, High Holborn, London, W.C.1,

Agents for the Applicants.

Leamingtion Spa: Printad for Iler Majesiy's Slalionery Offce, hy the Courier Press.—1953.
Publicked at The Patent Ofice, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.
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